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In this paper we present a strange stellar model using Tolman V type metric potential
employing simplest form of the MIT bag equation of state (EOS) for the quark matter.
We consider that the stellar system is spherically symmetric, compact and made of an
anisotropic fluid. Choosing different values of n we obtain exact solutions of the Einstein
field equations and finally conclude that for a specific value of the parameter n = 1/2
we find physically acceptable features of the stellar object. Further we conduct different
physical tests, viz., the energy condition, generalized TOV equation, Herrera’s cracking
concept, etc., to confirm physical validity of the presented model. Matching conditions
provide expressions for different constants whereas maximization of the anisotropy pa-
rameter provides bag constant. By using the observed data of several compact stars we
derive exact values of some of the physical parameters and exhibit their features in a
tabular form. It is to note that our predicted value of the bag constant satisfies the report
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of CERN-SPS and RHIC.
Keywords: General Relativity; anisotropic fluid; strange stars; MIT bag model.
1. Introduction
Einstein 1, in 1916, opened up a new way to look at the universe through his General
Theory of Relativity. The striking idea that matter and energy creates curvature
in the spacetime was beyond the imagination before him. New branches of physics,
known as Astrophysics and Cosmology, were created on the basis of GTR. Still now
this field attracts the researchers to solve the hidden mystery of universe, with the
same force as in the initial day. In 1916 Schwarzschild found out the solution of the
Einstein field equations describing a star with uniform matter density. The exact
solution of the Einstein field equations are very much relevant to describe the nature
of a compact star. Though after that many scientists obtained new exact solutions
but very few of them satisfied the physical conditions inside the stellar interior. A
survey report, made by Delgaty and Lake 2, showed that out of 127 known solutions
only 16 solutions satisfied all the physical conditions.
A neutron star is the final stage of a gravitationally collapsing star. It stabilized
by degenerate neutron pressure after exhausting all the thermo nuclear fuel inside
it. A compact star is more compact than an ordinary neutron star. Some of the
examples of such compact stars are X-ray burster 4U1820−30, X-ray pulsarHerX−
1, X-ray sources RX J 185635− 3754, Milisecond pulsar SAX J 1808.4− 3658, PSR
0943 + 10 because their estimated compactness cannot be explained properly in
terms of ordinary neutron star Equation of State (EOS) 3,4,5,6,7,8. The theoretical
modelling of neutron stars have improved considerably over the last few decades
after much improvement of the understanding of high energy particle interactions 9.
Ruderman 10 had shown that matter densities of compact stars are to be of the
order of 1015gm/cc or higher. At this high density range all the nuclear interactions
have to treat relativistically. So one can expect that anisotropy in pressure may
occur and it can be decomposed into two parts namely radial pressure pr and
tangential pressure pt
11,12. At this high density range anisotropy may occur in
various reasons, e.g., existence of a solid core, phase transition, presence of type P-
superfluid, rotation, magnetic field, existence of external field, mixture of two fluids
etc.
The renowned particle physists Gell-Mann 13 and Zweig 14 independently pro-
posed that hadrons are composed even with more fundamental particles known as
quarks. Though this quark model get support of experiment later on. According
to Witten 15 and Farhi et al. 16 quark matter might be the true ground state of
hadron. This idea gives birth of an entirely new class of stellar objects composed of
deconfined u, d and s quarks, known as ‘quark stars’. In quantum chromodynamics
(QCD) the quark confinement mechanism have been dealt with great details as they
are not seen as free particles. According to QCD, for large exchange of momentum
the quark interactions becomes weak. At very high temperature or large density, or
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at both of the conditions, the quark interactions becomes very weak and as a result
they become deconfined. At a high temperature (∼180 Mev or above) deconfine-
ment of quarks are shown in Heavy Ion Collider Experiment. But the temperature
of the neutron stars are of the order of few keV. So for deconfinement of the quarks
at the centre of the neutron star, an extremely large chemical potential is required.
The quark star results if the neutron star matter get converted totally into quark
matter. Theoretically it is possible, under some conditions, that some of the up
and down quarks transformed into strange quarks. Since strange matter is the true
ground state of matter so quark star gets the thrust to converted totally into a
strange star if its core once converted into a strange matter. Therefore a neutron
star gets converted into strange star.
The strange matter can be formed by the following two ways, as proposed by
Witten 15 that (i) at ultrahigh density range neutron star converted into a strange
star and (ii) as a result of quark-hadron phase transition in the early universe.
Actually the transition from the normal hadronic matter to strange matter occurs
at very high densities or corresponding to low temperatures. Cheng et al. 17 pro-
posed that, nearly equal number of up, down and strange quarks are present in
the Beta-Equilibrated strange quark star matter. Though there is a slight deficit
of the latter. Bodmer 18 suggested that, beyond nuclear density a phase transition
between hadronic and strange quark matter could occur in the universe when a
massive star explodes as a supernova. As a result the inner core of the neutron star
consists most likely strange quark matter. In general if the mass to size ratio of
a superdense star exceeds 0.3 then it can be expected to be composed of strange
matter 19. According to Alford 20, in the dense core of a neutron star there is suf-
ficiently high density and corresponding low temperature to crush the hadrons into
quark matter. According to MIT bag model the quark confinement is due to the
universal pressure Bg, called the Bag Constant. This simple model describes suc-
cessfully the observations in particle physics. It is actually the difference between
energy density of the perturbative and non perturbative quantum chromodynamics
vacuum. Farhi and Jaffe 16 as well as Alcock et al. 3 proposed that the value of the
bag constant should be within the following range 55 − 75 Mev/fm3, for a stable
strange quark matter. In the nucleonic EOSs BSk 19, BSk 20 and BSk 21 Chamel et
al. 21 used the values of effective bag Constant to be 78.6, 65.5 and 56.7Mev/fm3.
The data set of CERN-SPS and RHIC 22 shows that a wide range of bag constant
are permissible.
Tolman in 1939 23 gave explicit analytic solution of the Einstein field equations
by choosing eight different types of metric potentials. Literature survey shows that
there are no research works available in the field of astrophysics with the Tolman V
metric potential. As anisotropy is the most general case to investigate strange star
so such situation has motivated us to study anisotropic strange star with Tolman
V metric potential through MIT bag model.
The planning of this paper is as follows: in Sec. 2 we have written down the
basic field equations with the help of MIT bag model and Tolman V metric po-
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tential. In Sec. 3 we have obtained solutions to the Einstein field equations along
with the expressions for the anisotropy and EOS parameter whereas in Sec. 4 from
the boundary condition we have found out the values of the constants. Sec. 5 can
be decomposed into many subsections 5.1 to 5.4 containing the energy conditions,
generalized TOV equation, Herrera’s cracking concept and adiabatic index respec-
tively. The mass-radius relation of the star and redshift are considered in Sec. 6.
Finally some concluding remarks are provided in Sec. 7.
2. Basic field equations of Einstein’s space-time
The static spherically symmetric spacetime can be described by the line element
ds2 = −eν(r)dt2 + eλ(r)dr2 + r2(dθ2 + sin2θdφ2), (1)
where ν(r) and λ(r) are the metric potentials and function of the radial coordinate
only. These metric coefficients have much significance which actually help us to
realize the gravitational environment of the stellar system. Considering the require-
ment for our study we have assumed the form of line element which is most general
and spherically symmetric. Here basically g00 = e
ν and g11 = e
−λ such that only
the magnitudes of these metric coefficients can change completely the scenario of
physical structure 24.
The most general energy-momentum tensor for anisotropic matter distribution
is given by
Tν
µ = (+ρ,−pr,−pt,−pt), (2)
where ρ is the matter density, pr is the radial pressure and pt is the tangential
pressure of the fluid which is in the orthogonal direction to pr.
One can obtain the Einstein field equations, assuming G = 1 = c, as follows
e−λ
(
λ′
r
− 1
r2
)
+ 1
r2
= 8piρ, (3)
e−λ
(
ν′
r
+ 1
r2
)
− 1
r2
= 8pipr, (4)
1
2e
−λ
[
1
2 (ν
′)
2
+ ν′′ − 12λ
′ν′ + 1
r
(ν′ − λ′)
]
= 8pipt, (5)
where prime denotes differentiation with respect to the radial coordinate r.
As we have mentioned in the Introduction that we are dealing with strange star
in this paper so the equation of state, according to MIT bag model, will be
pr =
1
3
(ρ− 4Bg) , (6)
where Bg is bag constant.
We define the mass function m(r) of the star as
m (r) = 4pi
∫ r
0
ρ (r) r2dr. (7)
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Now to solve the field equation we choose Tolman V 23 potential
eν = Kr2n, (8)
where K is the constant and n is a parameter whose numerical value as chosen by
Tolman 23 was 1/2. The choice of the above Tolman V type potential is not all
arbitrary here. Actually we wanted to study the case of strange star for different
values of n, so that we could fix up the range of the index parameter n. However,
after performing several numerical values of n we have found that the model is
stable only for n = 1/2.
Another metric potential, needed for the spherical symmetry, is given by
e−λ = 1−
2m
r
, (9)
and this will help us to calculate the compactification factor in further.
3. Solution of the Einstein field equations
Now from Eqs. (3), (4), (6) and (8) we find
eλ = −
3r4(3n2+5n+2)r6n
[(48r6piBg−6r4)n+32r6piBg−6r4]r6n+9c1(n+1)(n+ 23 )
,
(10)
where c1 is an integration constant whose value can be determined from the bound-
ary condition. For any physically viable model the metric potentials should be finite
and free from singulrities inside the stellar system. Our model satisfies these condi-
tions as at the centre we get eν |r=0 = 0 and e
λ|r=0 > 1.
Using the Einstein field equations (3)-(5) and Eqs. (6)-(8) and (10) we find the
following physical parameters which are given by
ρ =
ρ1r
−(4+6n)+3n2+(48Bgpir2+3)n+32Bgpir2
8(3n2+5n+2)pir2 , (11)
pr =
ρ1r
−(4+6n)+(3−96Bgpir2)n2+(3−112Bgpir2)n−32Bgpir2
24(3n2+5n+2)pir2 ,
(12)
pt =
−ρ1(n+2)r
−4−6n+p1−16Bgpir
2(5n+2)
24(3n2+5n+2)pir2 , (13)
where
ρ1 = −36
(
n+ 12
) [
ρ2 −
(
1
2n
2 + n2
)
R6n+4 − ρ3
]
,
ρ2 =M (n+ 1)
(
n+ 23
)
R6n+3,
ρ3 =
8
3
(
n+ 23
)
BgpiR
6n+6,
p1 =
(
6− 48Bgpir
2
)
n3 +
(
6− 80Bgpir
2
)
n2.
The variations of density and pressures are shown in Fig. 1 and 2. From both
the Figs. 1 we see that the matter density, radial pressure and tangential pressure
all decrease monotonically. In the case of density we note from Fig 1 that ρ(0)→∞
and ρ(R) → finite. Also from Fig. 2 it is clear that for only n = 1/2 we are
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Fig. 1. Variation of the density with the fractional radial coordinate r/R for LMCX − 4
Fig. 2. Variation of the radial pr (left panel) and pt (right panel) with the fractional radial
coordinate r/R for LMC X − 4
getting positive value of the tangential pressure inside the stellar configuration and
henceforth we shall consider only the n = 1/2 case for further physical study.
The anisotropy of the system is calculated as follows
∆ =
−ρ1(n+3)r
−(4+6n)+(96Bgpir2−3)n2+(32Bgpir2−3)n+p1
24(3n2+5n+2)pir2 .
(14)
The term 2∆/r is called anisotropic force, which will be directed outward (i.e.
repulsive in nature) if ∆ > 0 and directed inward (i.e. attractive in nature) if ∆ < 0.
The Fig. 3 tells us that ∆ > 0 throughout the stellar distribution. So here pt > pr,
i.e., ∆ > 0 will helps to construct the more compact object according to Gokhroo
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Fig. 3. Variation of the anisotropy with the fractional radial coordinate r/R for LMC X − 4
and Mehra 25.
Now for a physically valid stellar model the radial pressure must vanish at the
surface (r = R), i.e., pr (R) = 0 and we have
n =
M
R− 2M
. (15)
In the above Eq. (15) for finite value of the parameter n we impose the condition
R 6= 2M . However, it is interesting to note that at the radius R, if R = 2M , one can
get n → ∞. This therefore provides a limiting value of n to avoid any unphysical
situation. In the present study we have opted for the value of n = 1/2 as other values
do not yield physically viable results. This immediately suggests the radius of the
present compact star as R = 4M and can be written in the form 2M/R = 0.5. This
fulfils the Buchdahl condition 2M/R < 0.88 26 in connection to the mass-radius
relationship which will be discussed later on in details.
Following Deb et al. 27 we maximize anisotropy at the surface and find the bag
constant as
Bg =
12Mn3−6n3R+54Mn2−23n2R+60Mn−14nR+18M
16(2n2+7n+3)piR3 .
(16)
The radial (ωr) and tangential (ωt) EOS parameters for our system can be
written in the following form as
ωr =
pr
ρ
=
ρ1r
−(4+6n)+(3−96Bgpir2)n2+(3−112Bgpir2)n−32Bgpir2
3ρ1r−(4+6n)+3n2+(48Bgpir2+3)n+32Bgpir2
,
(17)
ωt =
pt
ρ
=
−ρ1(n+2)r
−(4+6n)−80Bgpinr
2−32Bgpir
2+p1
3ρ1r−(4+6n)+9n2+(144Bgpir2+9)n+96Bgpir2
. (18)
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Fig. 4. Variation of the radial and transverse EOS parameter with the fractional radial coordinate
r/R for LMC X − 4
From Fig. 4, we get 0 ≤ (ωr, ωt) ≤ 1/3 where maximum value of EOS starts
from the center and decreases to zero at the surface of the spherical stellar system.
Moreover, we note that here ωr < ωt.
4. Matching boundary conditions
Now we shall match our interior solutions to the exterior Schwarzschild metric at
the boundary r = R, here R being the total radius of the star, given as
ds2 = −
(
1− 2M
r
)
dt2 + dr
2
(1− 2Mr )
+ r2(dθ2 + sin2 θ dφ2),
(19)
At the boundary the coefficients grr, gtt and
∂gtt
∂r
all are continuous and the
continuity of grr, gtt gives us (vide Fig. 5)
eν(R) = KR2n = 1− 2M
R
, (20)
eλ(R) = −
3R4(3n2+5n+2)R6n
9c1(n+1)(n+ 23 )+48R4[piBg(n+
2
3 )R2−
n+1
8 ]R6n
=
(
1− 2M
R
)−1
. (21)
From the above two equations we will get the value of the constantK and integration
constant c1 which are given by
K = 1
R2n
(
1− 2M
R
)
, (22)
c1 =
−48 (n+ 23 )BgpiR
6n+6−9(n+1)[−2(n+ 23 )MR
6n+3+R6n+4n]
9n2+15n+6 .
(23)
We shall use numerical values of these constants to plot the graphs.
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Fig. 5. Variation of eν (left panel) and eλ (right panel) with the fractional radial coordinate r/R
for LMCX − 4 for n = 1/2
5. Physical properties of the stellar model
5.1. Energy conditions
General relativity permits energy-momentum tensor T ij to describe the distribution
of mass, momentum and stress due to matter and to any non-gravitational fields.
Though Einstein’s field equation not directly concern with what kind of states
of matter or non-gravitational fields are admissible in the spacetime, the energy
conditions allows all states of matter and all non-gravitational fields in GTR and
ruled out many unphysical solutions. Therefore GTR allows the following energy
conditions known as the Null Energy Condition (NEC), Weak Energy Condition
(WEC), Strong Energy Condition (SEC) and Dominant Energy condition (DEC).
The energy conditions are satisfied if and only if the following inequalities hold
simultaneously by every point inside the fluid sphere:
NEC : ρ ≥ 0, (24)
WECr : ρ+ pr ≥ 0, ρ ≥ 0, (25)
WECt : ρ+ pt ≥ 0, ρ ≥ 0, (26)
SEC : ρ+ pr ≥ 0, ρ+ pr + 2pt > 0, (27)
DECr : ρ > |pr|, DECt : ρ > |pt|. (28)
From Fig. 6 it is observed very clearly that NEC, WEC, SEC and DEC are
satisfied by our model.
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Fig. 6. Variation of the energy conditions with the fractional radial coordinate r/R for LMC X−4
5.2. Generalized TOV equation
To search equilibrium situation of this anisotropic star under different forces, the
generalized Tolman-Oppeheimer-Volkoff (TOV) equation can be written as 28
−
MG(ρ+ pr)
r2
e
λ−ν
2 −
dpr
dr
+
2
r
(pt − pr) = 0, (29)
where MG = MG(r) is the effective gravitational mass inside a sphere of radius r
which can be derived from the modified Tolman-Whittaker formula 29 as
MG(r) =
1
2
r2e
ν−λ
2 ν′. (30)
substituting this value in Eq. (29) we get the following form of TOV equation
−
ν′(ρ+ pr)
2
−
dpr
dr
+
2
r
(pt − pr) = 0, (31)
which can be written in the following form as
Fg + Fh + Fa = 0, (32)
where Fg, Fh and Fa represents respectively gravitational force, hydrostatic force
and anisotropic force.
From our model we get the following expressions of the above mentioned terms
Fg = −
ν′
2 (ρ+ pr)
= −
(−24Bgpin2r2+8Bgpinr2+16Bgpir2+ρ1r−(4+6n)+3n2+3n)n
6r3(3n2+5n+2)pi
(33)
Fh = −
dpr
dr
= n+ρ1r
−(4+6n)
4pi(3n+2)r3 (34)
Fa =
2
r
(pt − pr)
=
−ρ1(n+3)r
−(4+6n)+(96Bgpir2−3)n2+(32Bgpir2−3)n+p1
12r3(3n2+5n+2)pi
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(35)
Fig. 7. Variation of different forces with the fractional radial coordinate r/R for LMC X − 4
From Fig. 7 it is obvious that the combined effect of the hydrostatic force and
anisotropic force is balanced by the gravitational force. This figure indicates that
our stellar model is in equilibrium under these forces. However, here the anisotropic
force is very small with respect to the other two forces. This implies that the radial
and tangential pressures do differ in very small amount. Here to achieve stability
for the system the hydrodynamic force is taking a major role to counter balance
the gravitational force. But still there is a role of anisotropic force which is also
balancing the gravitational force.
5.3. Herrera cracking concept
For a physically realistic model the speed of sound should follow the condition
0 ≤ v2rs ≤ 1 and 0 ≤ v
2
ts ≤ 1, which can be termed as causality condition. Also for
the stability checking there is an another technique for anisotropic matter distribu-
tion, which is known as cracking concept of Herrera 30. According to this concept
the region for which transverse speed of sound is smaller than the radial speed
of sound is a potentially stable region 31,30,32,33. The square of radial
(
v2
rs
)
and
tangential
(
v2
ts
)
sound speed for our system are given as
v2
rs
= dpr
dρ
= 13 , (36)
v2
ts
= dpt
dρ
= −v1(n+2)+v3R
6n+4+v2(n+2)−2n
2r6n+4
3v1+(−54n3−81n2−27n)R6n+4−3v2−3r6n+4n
,
(37)
where
v1 = 36M (n+ 1)
(
n+ 12
) (
n+ 23
)
R6n+3,
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v2 = 96Bgpi
(
n+ 12
) (
n+ 23
)
R6n+6,
v3 = 18n
4 + 63n3 + 63n2 + 18n.
Fig. 8. Variation of radial speed of sound, transverse speed of sound (left panel) and velocity
difference (right panel) with the fractional radial coordinate r/R for LMCX − 4
From Fig. 8 it is very clear that through out the stellar structure causality
condition and Herrera’s cracking condition holds simultaneously. So our model gives
a stable configuration.
5.4. Adiabatic Index
For a Newtonian isotropic fluid sphere the condition for stability is given by Γ > 43 .
For a relativistic isotropic sphere it changes and for an anisotropic general relativistic
sphere Γ, known as adiabatic index, can be written as Γr and Γt
34.
For a relativistic anisotropic fluid sphere the stability condition is given by
Γr >
4
3 , (38)
Γt >
4
3 +
[
4(pt0−pr0)
3|p
′
r0r|
+ 8pirρ0pr0
3|p
′
r0|
]
, (39)
where pr0, pt0 and ρ0 are the initial radial pressure, tangential pressure and energy
density in static equilibrium satisfying TOV. The first and the last term inside the
square bracket respectively the anisotropic and relativistic correction respectively.
These are being positive quantities, increases the unstable range of the adiabatic
index 31,32. Using the above relation we shall get the following expressions from
our model as
Γr =
ρ+pr
pr
dpr
dρ
,
=
96(n−1)Bg(n+ 23 )pir
6n+6+(−12n2−12n)r6n+4−4ρ1
288(n+ 23 )Bgpi(n+
1
2 )r6n+6+(−9n2−9n)r6n+4−3ρ1
,
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(40)
Γt =
ρ+pt
pt
dpt
dρ
=
2(Γ1− 12v3R
6n+4+n2r6n+4)[ρ1(n−1)r−(4+6n)+Γ2−64Bgpir2−p1]
3(Γ3+r6n+4n)(ρ1(n+2)r−(4+6n)+Γ4)
,
(41)
where
Γ1 =
1
2 (v1 − v2) (n+ 2),
Γ2 = −9n
2 +
(
−64Bgpir
2 − 9
)
n,
Γ3 =
(
18n3 + 27n2 + 9n
)
R6n+4 − v1 + v2,
Γ4 = 80r
2 (n+ 2/5)Bgpi − p1.
Fig. 9. Variation of adiabatic index with the fractional radial coordinate r/R for LMC X − 4
To see the behaviour of the adiabatic index we have plotted Γr, Γt with the
fractional radial coordinate r
R
in Fig. 9. The figure shows that both Γr,Γt >
4
3
everywhere within the stellar interior. This graphical representation indicates the
stable model.
6. Mass-radius relation and redshift
Buchdahl 26 derived an upper limit for maximum allowed mass to radius ratio for
a static spherically symmetric perfect fluid star, as 2M
R
< 89 . Later on Mak et al.
35
generalized it for a charged sphere. The mass of the star is given by
m (r) =
9r[c2r−(4+6n)+n2+( 163 Bgpir
2+1)n+ 329 Bgpir
2]
18n2+30n+12 ,
(42)
where c2 = (n+ 1)
(
n+ 23
)
c1. This turns out to be c2 = (7/4)c1 for our prescription
of n = 1/2. From Eq. (15) we immediately get the radius of the present compact
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star as R = 4M . This can be written in the form 2M/R = 0.5 which is well bellow
the Buchdahl condition 2M/R < 0.88 26 and thus provides the stability of the
present model in terms of the mass-radius ratio.
Let us now define the compactification factor of the compact stellar system as
u (r) = m
r
=
9[c2r−(4+6n)+n2+( 163 Bgpir
2+1)n+ 329 Bgpir
2]
18n2+30n+12 .
(43)
Therefore the gravitational redshift is defined as
Z = (1− 2u)−
1
2 − 1. (44)
Fig. 10. Variation of compactification factor (left panel) and redshift (right panel) with the
fractional radial coordinate r/R for LMC X − 4
Fig. 10 shows that the compactification factor increases non-linearly with the
fractional radial coordinate and it satisfied Buchdahl limit. Also, the variation of
redshift with respect to the fractional radial coordinate is featured in Fig. 10.
7. Discussion and conclusion
In this paper we have studied different features of a strange star through Tolman V
metric potential. With this potential and MIT bag EOS we have presented many in-
teresting physical features of the strange stars and featured variation of the different
physical parameters with the radial coordinate graphically.
However, the most important result of the present model is that with the help
of this model we can predict exact values of radius of the different strange stars
and bag constant, which are featured in Table 1. We find from this table that the
surface density of different stars are much higher than the normal nuclear density
2.3 × 1014 gm/cm3 and such high density confirms the presence of quark matter
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inside the discussed stars. Also, we have derived a wide range of values of the bag
constant. It have been shown by some authors 16,3 that the bag constant should
be 55 − 75Mev/(fm)3. But recent experimental results of CERN-SPS and RHIC
confirms the possibility of a wide range of values of the bag constant. This is possible
for a density dependent bag model 22. From the table it is very clear that the value
of the bag constant increases with the increasing values of the density of the stellar
systems. A density dependent bag constant have employed by Bordbar et al. 40 to
model magnetized strange quark stars and obtained similar results as in the present
model.
Strange Observed Predicted ρs Bg
Stars Mass (M⊙) Radius (km) (gm/cm
3
) (MeV/fm3)
PSR J 1614− 2230 1.97± 0.04 36 11.623± 0.236 2.546× 1014 35.704
V ela X − 1 1.77± 0.0837 10.443± 0.472 3.152× 1014 44.204
PSR J 1903 + 327 1.667± 0.02137 9.835± 0.120 3.556× 1014 49.872
Cen X − 3 1.49± 0.0837 8.791± 0.472 4.459× 1014 62.528
LMC X − 4 1.29± 0.0537 7.611± 0.292 5.954× 1014 83.497
4U 1538− 52 0.87± 0.0737 5.133± 0.412 13.08× 1014 183.429
SMC X − 1 1.04± 0.09 37 6.136± 0.532 9.146× 1014 128.268
Her X − 1 0.85± 0.1537 5.015± 0.884 13.70× 1014 192.119
4U 1820− 30 1.58± 0.0639 9.322± 0.356 3.960× 1014 55.539
4U 1608− 52 1.74± 0.1438 10.266± 0.828 3.260× 1014 45.716
Some other salient features from our study can be discussed as follows:
(i) We have studied our model for different values of n as n = 1/2, n = 3/5,
n = 4/5 and 1 but we find physically valid solution for n = 1/2 only which is the
same as assumed by Tolman 23.
(ii) We know that for a physically acceptable stellar model the metric potentials
should be free from singularities inside the stellar structure. Our model satisfies this
condition as at the centre metric potentials are giving finite values as eν |r=0 = 0
and eλ|r=0 > 1.
(iii) Though the parameters, like density and pressures, are singular at the origin,
but if we take the ratio of the density with radial and tangential pressure separately,
the singularity does not appear at the limit r → 0. In this case we can have a linear
relation between the pressures with the density at the centre as pr = ρ. Moreover,
this is not geometrical singularity as the metric potentials are finite at the center.
So the main reason of appearing the singularity is that the EOS is inadequate at
the center. The highly ultra dense fluid at the center is not even compatible with
the MIT bag EOS. Hence this issue can be resolved considering a core at the center
of the stellar system where fluid distribution follows different EOS, for example
pr = ρ, a stiff fluid EOS as discussed earlier. The variation of the EOS parameters
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are shown in Fig 4.
(iv) Through out the stellar distribution anisotropic force is positive (i.e., pt >
pr) which helps to construct a more massive stellar structure.
(v) Our model satisfies all the energy conditions. The graphical representation of
TOV equation shows that the stellar structure is in equilibrium under gravitational,
anisotropic and hydrostatic forces. For our model causality condition and Herrera’s
cracking condition holds simultaneously representing a stable configuration. Also
variation of adiabatic index is in expected region.
(vi) In the present study we have opted for the value of n = 1/2 as other values
do not yield physically viable results. Therefore, from Eq. (15) we get the radius of
the present compact star as R = 4M . This can be written in the form 2M/R = 0.5
which fulfils the Buchdahl condition 2M/R < 0.88 26 in connection to the mass-
radius relationship. For the ultradense strange star LMC X − 4 we find the value
of compactness as 0.25 which also satisfies the Buchdahl limit. The surface redshift
in this case is 0.41.
Overall, by using Tolman V metric potential we have represented a stable
anisotropic and compact stellar configuration which satisfies all the physical condi-
tions and gives exact numerical values of some of the physical parameters.
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